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DESCRIPTION 

PEROVSKITE-TYPE COMPOSITE OXIDE, CATALYST COMPOSITION AND 
METHOD FOR PRODUCING PEROVSKITE-TYPE COMPOSITE OXIDE 

Technical Field 

[0001] The present invention relates to a perovskite- 

type composite oxide, a catalyst composition and a method for 
producing a perovskite-type composite oxide. More 
particularly, it relates to a perovskite-type composite oxide 
and a catalyst composition containing the perovskite-type 
composite oxide, and a method for producing the perovskite- 
type composite oxide. 

Background Art 

[0002] Perovskite-type composite oxides are composite 

oxides having a crystal structure of a general formula ABO3 
and have been widely used as a ceramic material in various 
industrial fields . 

[0003] Of these perovskite-type composite oxides, a 

perovskite-type composite oxide of a general formula AB(i_ 
y)Pdy03 (y represents an atomic ratio of Pd, the same shall 
apply hereinafter), in which palladium (Pd) is coordinated on 
the B site in the crystal structure of the general formula 
ABO3, shows high catalytic activity as an exhaust gas 
purifying catalyst (thre^-way catalyst) that can 



simultaneously clean up carbon monoxide (CO) , hydrocarbons 
(HC) and nitrogen oxides (NOx) contained in emissions from 
internal combustion engines. 

[0004] Reportedly, as such an exhaust gas purifying 

catalyst, for example, a perovskite-type composite of 
La1.00Fe0.57Co0.38Pd0.05O3 suppresses grain growth and maintains 
high catalytic activity over a long time. This is because o 
a self-regenerative function, in which the perovskite-type 
composite oxide reversely introduces or extracts Pd to or 
from a perovskite-type crystal structure corresponding to 
oxidation-reduction change of emissions. (See Y. Nishihata e 
al.. Nature, Vol. 418, No. 6894, pp. 164-167, 11 July 2002.) 
[0005] However, in order to achieve self-regenerative 

function of Pd of the general formula AB(i_y)Pdy03, it is 
necessary to form a solid solution of Pd at a high rate in 
the perovskite-type composite oxide. 

[0006] On the other ,hand, even when materials are 

formulated in the very same amount during the production of 
the perovskite-type composite oxide of the general formula 
AB(i-y)Pdy03, there may arise unstable quality in which a soli 
solution of Pd is sometimes formed at a lower rate. 
Therefore, it is acutely required to produce a perovskite- 
type composite oxide in which a solid solution of Pd is 
formed stably at a high rate. 
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Disclosure of the Invention 

[0007] An object of the present invention is to provide 

a perovskite-type composite oxide which has stable quality 
and in which a solid solution of Pd is formed at a high rate^ 
and a method for producing the perovskite-type composite 
oxide, and a catalyst composition containing the perovskite- 
type composite oxide. 

[0008] The perovskite-type composite oxide of the 

present invention is represented by the following general 
formula (1) : 

AxB(l-y,Pdy03+5 (1) 

wherein A represents at least one element selected from rare 
earth elements and alkaline earth metals; B represents at 
least one element selected from transition elements 
(excluding rare earth elements, and Pd) , Al and Si; x 
represents an atomic ratio satisfying the following 
condition: 1 < x; y represents an atomic ratio satisfying 
the following condition: 0 < y < 0,5; and 5 represents an 
oxygen excess. 

[0009] The perovskite-type composite oxide of the 

present invention is represented by the following general 
formula (2) : 

(AaA'bA^'c) (Bi-(q+r)B'qPdr)03+5 (2) 

wherein A represents at least one element selected from La, 
Nd and Y; A' represents at least one element selected from 
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rare earth elements and alkaline earth metals (excluding La, 
Nd, Ce, Pr and Tb) ; A" represents at least one element 
selected from Ce, Pr and Tb; B represents at least one 
element selected from Mn, Fe, Co and Al; B' represents at 
least one element selected from transition elements 
(excluding rare earth elements, and Mn, Fe, Co, Al and Pd) 
and Si; a represents an atomic ratio satisfying the following 
condition: 0.5 < a < 1.3; b represents an atomic ratio 
satisfying the following condition: 0 < b < 0.5; (a + b) 
represent atomic ratios satisfying the following condition: 
1 < (a + b) < 1.3; c represents an atomic ratio satisfying 
the following condition: 0<c<0.2; q represents an atomic 
ratio satisfying the following condition: 0<q<0.5; r 
represents an atomic ratio satisfying the following 
condition: 0 < r < 0.5; and 5 represents an oxygen excess. 
[0010] It is preferred that at least one of b, c and q 

is 0 in the general formula (2) . 

[0011] Also the present invention includes a catalyst 

composition comprising the above-described perovskite-type 
composite oxide. The catalyst composition is advantageously 
used as an exhaust gas purifying catalyst. Also the catalyst 
composition is advantageously used as a coupling reaction 
catalyst for organic synthesis. 

[0012] Also the present invention includes a method for 

producing a perovskite-type composite oxide, which comprises 
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the step of formulating materials in accordance with each 
atomic ratio of a perovskite-type composite oxide represented 
by the following general formula (1) : 

AxB(l-.y)Pdy03 + 6 (1) 

wherein A represents at least one element selected from rare 
earth elements and alkaline earth metals; B represents at 
least one element selected from transition elements 
(excluding rare earth elements, and Pd) , Al and Si; x 
represents an atomic ratio satisfying the following 
condition: 1 < x; y represents an atomic ratio satisfying 
the following condition: 0 < y < 0.5; and 5 represents an 
oxygen excess. 

[0013] According to the production method of the 

perovskite-type composite oxide of the present invention, 
since a material is formulated so that the atomic ratio of 
the elements to be coordinated on the A site exceeds 1, it is 
possible to form a solid solution of Pd stably at a high rate. 
Therefore, it is possible to stably produce a perovskite-type 
composite oxide in which a solid solution of Pd is formed at 
a high rate. According to the production method of the 
perovskite-type composite oxide of the present invention, 
even when a material containing the constituent element on 
the site A is lost during the production, the materials are 
formulated so that the atomic ratio of the elements to be 
coordinated on the A site exceeds 1, it is possible to 
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suppress that the atomic ratio on the A site is smaller than 
the atomic ratio on the B site. Therefore, it is possible to 
stably produce a perovskite-type composite oxide in which a 
solid solution of Pd is formed at a high rate. 
[0014] With respect to the perovskite-type composite 

oxide of the present invention, it is possible to provide a 
perovskite-type composite oxide which has stable quality and 
in which a solid solution of Pd is formed at a high rate. 
[0015] Since the catalyst composition of the present 

invention contains the perovskite-type composite oxide having 
stable quality, stable self-regenerative function of Pd can 
be secured and excellent catalytic activity can be maintained 
for a long period. 

Preferred Embodiment for Carrying Out the Invention 
[0016] The perovskite-type composite oxide of the 

present invention is represented by the following general 
formula (1) : 

AxB(l.y)Pdy03+5 (1) 

wherein A represents at least one element selected from rare 
earth elements and alkaline earth metals; B represents at 
least one element selected from transition elements 
(excluding rare earth elements, and Pd) , Al and Si; x 
represents an atomic ratio satisfying the following 
condition: 1 < x; y represents an atomic ratio satisfying 
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the following condition: 0 < y < 0.5; and 5 represents an 
oxygen excess. 

[0017] In the general formula (1) of the perovskite-type 

composite oxide represented of the present invention, 
constituent elements of A are coordinated on the A site, 
while constituent elements of B and Pd are coordinated on the 
B site. 

[0018] Examples of the rare earth element represented by 

A in the general formula (1) are Sc (scandium), Y (yttrium). 
La (lanthanum) , Ce (cerium) , Pr (praseodymium) , Nd 
(neodymium) , Pm (promethium) , Sm (samarium), Eu (europium), 
Gd (gadolinium) , Tb (terbium) , Dy (dysprosium) , Ho (holmium) , 
Er (erbium), Tm (thulium), Yb (ytterbium) and Lu (lutetium) , 
of which Y, La, Nd, Ce, Pr and Tb are preferred, and Y, La 
and Nd are more preferred. 

[0019] Each of these rare earth elements can be used 

alone or in combination. 

[0020] Examples of the alkaline earth metal represented 

by A in the general formula (1) are Be (beryllium) , Mg 
(magnesium) , Ca (calcium) , Sr (strontium) , Ba (barium) and Ra 
(radium) . 

[0021] Each of these alkaline earth metals can be used 

alone or in combination. 

[0022] In the general formula (1) , it is preferred to 

use, as A, an alkaline earth metal in an atomic ratio of 0.5 
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or less with respect to rare earth elements . 
[0023] The element to be coordinated on the A site in 

the perovskite-type composite oxide of the present invention 
is preferably selected from rare earth elements. The atomic 
ratio X of the element (rare earth elements and/or alkaline 
earth elements) to be coordinated on the A site satisfies the 
following condition: 1 < x, namely, the atomic ratio exceeds 
1.00. When the atomic ratio x is 1.00 or less, it is 
difficult to form a solid solution of Pd stably at a high 
rate. The atomic ratio x preferably satisfies the following 
condition: 1.00 < x < 1.50; and more preferably satisfies 
the following condition: 1.00 < x < 1.30. 

[0024] The transition elements (excluding rare earth 

elements and Pd) represented by B in the general formula (1) 
are, in the Periodic Table of Elements (lUPAC, 1990), 
elements (excluding Pd) having atomic numbers of 22 (Ti) 
through 30 (Zn) , atomic numbers of 40 (Zr) through 48 (Cd) , 
and atomic numbers of 72 (Hf ) through 80 (Hg) . 

[0025] In the perovskite-type composite oxide of the 

present invention, the elements to be coordinated on the B 
site include Pd as an essential element and are preferably 
selected from Cr (chromium), Mn (manganese), Fe (iron), Co 

(cobalt) , Ni (nickel) , Cu (copper) , Zn (zinc) and Al 

(aluminum) , and are more preferably selected from Mn, Fe, Co 
and Al. 
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[0026] The atomic ratio y of Pd to be coordinated on the 

B site satisfies the following condition: 0 < y < 0.5, 
namely, y is 0.5 or less. When the atomic ratio of Pd 
exceeds 0.5, it may be difficult to form a solid solution of 
Pd and also the cost inevitably increases. 
[0027] Therefore, elements other than Pd [elements 

selected from transition elements (excluding rare earth 
elements and Pd) , Al and Si] are contained on the B site at 
an atomic ratio (1-y) as the residue of the atomic ratio of 
Pd. 

[0028] ^6' represents an oxygen excess. More 

specifically, it represents an excessive atomic ratio of 
oxygen atom caused by allowing the constitutional elements of 
the A site to be excessive to the stoichiometric ratio of a 
perovskite-type composite oxide of A:B:0 = 1:1:3. 
[0029] Accordingly, the perovskite-type composite oxide 

of the present invention is preferably represented by the 
following general formula (2) : 

(AaA'bA"c) (Bi-(q+r)B'qPdr)03+5 (2) 

wherein A represents at least one element selected from La, 
Nd and Y; A' represents at least one element selected from 
rare earth elements and alkaline earth metals (excluding La, 
Nd, Y, Ce, Pr and Tb) ; A" represents at least one element 
selected from Ce, Pr and Tb; B represents at least one 
element selected from Mn, Fe, Co and Al; B' represents at 



least one element selected from transition elements 
(excluding rare earth elements, Mn, Fe, Co, Al and Pd) and 
Si; a represents an atomic ratio satisfying the following 
condition: 0.5 < a < 1.3; b represents an atomic ratio 
satisfying the following condition: 0 < b < 0.5; (a + b) 
represent atomic ratios satisfying the following condition: 
1 < (a + b) < 1.3; c represents an atomic ratio satisfying 
the following condition: 0<c<0.2; q represents an atomic 
ratio satisfying the following condition: 0 < q < 0.5; r 
represents an atomic ratio satisfying the following 
condition: 0 < r < 0.5; and 5 represents an oxygen excess. 
[0030] In the general formulas (2), {AaA'bA"c) is 

coordinated on the A site and (B(i-(q+r)B' qPdr) is coordinated 
on the B site. 

[0031] The rare earth elements, alkaline earth elements 

and transition elements can be the same elements as listed 
above . 

[0032] In the perovskite-type composite oxide 

represented by the general formula (2), in (AaA'bA"c) r a 
represents an atomic ratio of A satisfying the following 
condition: 0.5<a<1.3; b represents an atomic ratio of A' 
satisfying the following condition: 0 < b < 0.5; c 
represents an atomic ratio of A" satisfying the following 
condition: 0 < c < 0.2; and (a + b) represent atomic ratios 
satisfying the following condition: 1 < (a + b) < 1.3. 



Therefore, the atomic ratio z as (AaA'bA^'c) always exceeds 
1.00 and satisfies the following condition: 1 < z < 1. 5. 
[0033] When the atomic ratio of (AaA'bA"c) is 1.00 or 

less, it is impossible to form a solid solution of Pd stably 
at a high rate, as described above. When (a + b) exceeds 1.3, 
byproducts other than the perovskite-type composite oxides 
may be formed. 

[0034] ^z' preferably satisfies the following condition: 

1.00 < z < 1.50, and more preferably satisfies the following 
condition: 1.00 < z < 1.30. 

[0035] In the perovskite-type composite oxide 

represented by the general formula (2), in (Bi-(q+r)B' qPdr) , r 
represents the atomic ratio of Pd satisfying the following 
conditions: 0 < r < 0.5 and q represents the atomic ratio of 
B' satisfying the following conditions: 0 < q < 0.5. 
Therefore, B is contained at an atomic ratio [l - (q + r) ] 
as the residue of the atomic ratio of Pd and B' . 
[0036] ^5' is as defined above. 

[0037] In the general formula (2) , preferably at least 

one of b, c and q is 0 and more preferably all of b, c and q 
are 0 . 

[0038] The above-mentioned perovskite-type composite 

oxide can be prepared by any suitable process for preparing 
composite oxides, such as a coprecipitation process, a 
citrate complex process, or an alkoxide process. 



[0039] According to the coprecipitation process, the 

perovskite-type composite oxide can be prepared, for example, 
in the following manner. Initially, an aqueous mixed salt 
solution containing salts (materials) of the respective 
elements is prepared so as to establish the above-mentioned 
stoichiometric ratio of the respective elements. The aqueous 
mixed salt solution is coprecipitated by adding a 
neutralizing agent thereto, the resulting coprecipitate is 
dried and then subjected to a heat treatment. 
[0040] Examples of the salts of the respective elements 

are inorganic salts such as sulfates, nitrates, chlorides, 
and phosphates; and organic acid salts such as acetates and 
oxalates. The aqueous mixed salt solution can be prepared, 
for example, by adding the salts of the elements to water. so 
as to establish the stoichiometric ratio and mixing them with 
stirring. 

[0041] Then, the aqueous mixed salt solution is 

coprecipitated by adding a neutralizing agent thereto. 
Examples of the neutralizing agent are ammonia ; organic 
bases including amines such as triethylamine and pyridine; 
and inorganic bases such as sodium hydroxide, potassium 
hydroxide, potassium carbonate, and ammonium carbonate. The 
neutralizing agent is added to the aqueous mixed salt 
solution so that the resulting solution has a pH of about 6 
to about 10. 
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[0042] A perovskite-type composite oxide can be prepared 

by optionally washing, drying, for example, by vacuum drying 
or forced-air drying, and heat-treating at, for example, 

about SOO'^C to 1000°C, preferably at about 600°C to 950°C, the 
obtained coprecipitate . 

[0043] According to the citrate complex process, the 

perovskite-type composite oxide is prepared, for example, in 
the following manner. Initially, an aqueous citrate-mixed 
salt solution containing citric acid and salts (materials) of 
the respective elements is prepared so as to establish the 
above-mentioned stoichiometric ratio of the respective 
elements. The aqueous citrate-mixed salt solution is 
evaporated to dryness to form citrate complexes of the 
respective elements. The citrate complexes are provisionally 
baked and subjected to a heat treatment. 

[0044] The salts of the respective elements can be the 

same salts as listed above. The aqueous citrate-mixed salt 
solution can be prepared by preparing an aqueous mixed salt 
solution by the same procedure of the coprecipitation process 
and adding an aqueous solution of citric acid to the aqueous 
mixed salt solution. 

[0045] The aqueous citrate-mixed salt solution is then 

evaporated to dryness to form citrate complexes of the 
respective elements. The evaporation to dryness is carried 
out to remove fluids rapidly at a temperature at which the 



formed citrate complexes are not decomposed, for example, at 
room temperature to about 150**C. Consequently, the above- 
mentioned citrate complexes of the respective elements can be 
formed. 

[0046] The citrate complexes thus formed are 

provisionally baked and subjected to a heat treatment. 
Provisionally baking may be carried out by heating at 250°C 
or higher in vacuo or in an inert atmosphere. Then, the 
citrate complexes are subjected to a heat treatment at, for 
example, about 300''C to 1000^'C, and preferably about 600*^0 to 
950**C, to prepare a perovs kite-type composite oxide. 
[0047] According to the alkoxide process, the 

perovs kite- type composite oxide can be prepared, for example, 
in the following manner. A mixed alkoxide solution 
containing alkoxides (materials) of the respective elements 
excluding noble metals including Pd is prepared so as to 
establish the stoichiometric ratio of the respective elements. 
The mixed alkoxide solution is precipitated on hydrolysis by 
adding an aqueous solution containing salts (materials) of 
noble metals including Pd, and the resulting precipitate is 
dried and heat-treated. 

[0048] Examples of the alkoxides of the respective 

elements are alcholates each comprising the respective 
elements and an alkoxy such as methoxy, ethoxy, propoxy, 

isopropoxy or butoxy; and alkoxyalcholates of the respective 



elements represented by the following general formula (3) : 

E [OCH{R^) - (CH2)i-0R^] j (3) 
wherein E represents the respective element; R-^ represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon atoms; 
R^ represents an alkyl group having 1 to 4 carbon atoms; i 
represents an integer of 1 to 3; j represents an integer of 2 
to 3. 

[0049] More specific examples of the alkoxyalcholates 

are methoxyethylate, methoxypropylate, methoxybutylate, 
ethoxyethylate , ethoxypropylate , propoxyethylat e , and 
butoxyethylate . 

[0050] The mixed alkoxide solution can be prepared, for 

example, by adding alkoxides of the respective elements to an 
organic solvent so as to establish the above-mentioned 
stoichiometric ratio and mixing them with stirring. 
[0051] The organic solvent is not specifically limited, 

as long as it can dissolve the alkoxides of the respective 
elements. Examples of such organic solvents are aromatic 
hydrocarbons, aliphatic hydrocarbons, alcohols, ketones, and 
esters, of which aromatic hydrocarbons such as benzene, 
toluene, and xylenes are preferred. 

[0052] The mixed alkoxide solution is precipitated by 

adding to it an aqueous solution containing salts of noble 
metals including Pd in the above-mentioned stoichiometric 
ratio. Examples of the aqueous solution containing salts of 



noble metals including Pd are aqueous nitrate solutions, 
aqueous chloride solutions, aqueous hexaaininine chloride 
solutions, aqueous dinitrodiammine nitrate solutions, aqueous 
hexachloro acid hydrate, and potassium cyanide salt. 
[0053] The resulting precipitate is dried by vacuum 

drying or forced-air drying and then subjected to a heat 
treatment by heating at about 500®C to 1000°C, for example, 
and preferably about 500*^0 to 850°C to obtain a perovskite- 
type composite oxide. 

[0054] Alternatively, the perovskite-type composite 

oxide may be prepared according to the alkoxide process, for 
example, in the following manner. The mixed alkoxide 
solution is mixed with a solution containing organometallic 
salts (materials) of noble metals including Pd to prepare 
homogeneous mixed solution. The resulting solution is 
precipitated on hydrolysis by adding water to obtain a 
precipitation. The precipitation is dried and subjected to a 
heat treatment thereby to obtain the perovskite-type 
composite oxide. 

[0055] Examples of the organometallic salts of noble 

metals including Pd are carboxylic acid salts of the noble 
metals including Pd, such as acetates and propionates; and 
metal chelate complexes of noble metals including Pd, such as 
diketone complexes of noble metals including Pd represented 
by the following general formula (4) or (5): 
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R^COCHR^COR^ ( 4 ) 

wherein represents an alkyl group having 1 to 4 carbon 
atoms, a fluoroalkyl group having 1 to 4 carbon atoms, or an 
aryl group; R^ represents an alkyl group having 1 to 4 carbon 
atoms, a fluoroalkyl group having 1 to 4 carbon atoms, an 
aryl group, or an alkyloxy group having 1 to 4 carbon atoms; 
and R^ represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms, 

CH3CH (COR^) 2 (5) 
wherein R^ represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms. 

[0056] In the general formulas (4) and (5), the alkyl 

groups having 1 to 4 carbon atoms in R"^, R^, R^ and R^ include 
methyl, ethyl, propyl, isopropyl, n-butyl, s-butyl, and t- 
butyl . The fluoroalkyl groups having 1 to 4 carbon atoms in 
R"^ and R^ include trif luoromethyl . The aryl groups in and 
R^ include phenyl. The alkyloxy group having 1 to 4 carbon 
atoms in includes methoxy, ethoxy, propoxy, isopropoxy, n- 
butoxy, s-butoxy, and t-butoxy. 

[0057] Specific examples of the diketone compounds are 

2, 4-pentanedione, 2, 4-hexanedione, 2, 2-dimethyl-3, 5- 
hexanedione, 1-phenyl-l, 3-butanedione, 1-trif luoromethyl-1, 3- 
butanedione, hexaf luoroacetylacetone, 1, 3-diphenyl-l, 3- 
propanedione, dipivaloylmethane, methyl acetoacetate, ethyl 
acetoacetate, and t-butyl acetoacetate. 
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[0058] The solution containing the organometallic salts 

of noble metals including Pd can be prepared, for example, by 
adding organometallic salts of noble metals including Pd to 
an organic solvent so as to establish the above-mentioned 
stoichiometric ratio and mixing them with stirring. The 
organic solvent can be the same organic solvents as listed 
above . 

[0059] The resulting solution containing the 

organometallic salts of noble metals including Pd is combined 
with the above-mentioned mixed alkoxide solution to prepare a 
homogeneous mixed solution, which is precipitated by adding 
water. The resulting precipitate is dried, for example, by 
vacuum drying or forced-air drying, and then heat-treated at 
about 400^^0 to 1000°C, for example, preferably at about 500°C 
to 850**C to obtain a perovskite-type composite oxide. 
[0060] Alternatively, the perovskite-type composite 

oxide of the present invention can be prepared in the 
following manner. Initially, a perovskite-type composite 
oxide is prepared from elements other than noble metals 
including Pd by the above-mentioned coprecipitation process, 
citrate complex process, or alkoxide process so as to 
establish the above-mentioned stoichiometric ratio. Then, 
the resulting perovskite-type composite oxide is supported by 
noble metals including Pd in the above-mentioned 
stoichiometric ratio . 



[0061] The method for supporting the perovskite-type 

composite oxide by noble metals including Pd is not 
specifically limited and a known method can be used. For 
example, a solution containing salts of noble metals 
including Pd is prepared and the perovskite-type composite 
oxide is impregnated with the salt-containing solution and 
then baked. 

[0062] Solutions containing the above-listed salts can 

be used as the salt-containing solution. Practical examples 
thereof are aqueous nitrate solutions, aqueous 
dinitrodiammine nitrate solutions, and aqueous chloride 
solutions . 

[0063] More specific examples are palladium salt 

solutions such as aqueous palladium nitrate solution, 
dinitrodiammine palladium nitrate solution, and palladium 
tetraammine nitrate solution. After being impregnated with 
the noble metal, the perovskite-type composite oxide is dried 
at, for example, SC'C to 200''C for 1 to 48 hours and then 
further baked at 350^*0 to lOOO'^C for 1 to 12 hours. 
[0064] When the perovskite-type composite oxide is thus 

produced, since a material is formulated so that the atomic 
ratio of the elements to be coordinated on the A site exceeds 
1, the atomic ratio of the elements to be coordinated on the 
A site exceeds 1 in the resulting perovskite-type composite 
oxide of the present invention. 



[0065] Therefore, according to the production method of 

the perovskite-type composite oxide of the present invention, 
it is possible to form a solid solution of Pd stably at a 
high rate and at the same time to stably produce such a 
perovskite-type composite oxide in which a solid solution of 
Pd is formed at a high rate. 

[0066] According to the production method of the 

perovskite-type composite oxide of the present invention, 
even when a material containing the constituent element on 
the site A is lost during the production, the material is 
formulated so that the atomic ratio of the elements to be 
coordinated on the A site exceeds 1, it is possible to 
suppress that the atomic ratio on the A sire is smaller than 
the atomic ratio on the B site. Therefore, it is possible to 
stably produce a perovskite-type composite oxide in which a 
solid solution of Pd is formed stably at a high rate. 
[0067] With respect to the resulting perovskite-type 

composite oxide of the present invention, it is possible to 
provide a perovskite-type composite oxide which has stable 
quality in which a solid solution of Pd is formed at a high 
rate . 

[0068] The perovskite-type composite oxide of the 

present invention can be used in various industrial fields 
without specific limitation. Particularly, the perovskite- 
type composite oxide of the present invention can be 



advantageously used as a catalyst composition because Pd has 
excellent catalytic activity and self-regenerative function. 
[0069] When the perovskite-type composite oxide of the 

present invention is used as a catalyst composition, it may 
be appropriately used as it is or used together with other 
components according to object and purpose thereof. 
Applications are not specifically limited and the perovskite- 
type composite oxide can be widely used in the field where Pd 
is used as a catalyst. Examples thereof include a coupling 
reaction catalyst for organic synthesis, a reductive reaction 
catalyst, a hydrogenation catalyst, a hydrogenolysis catalyst, 
or an exhaust gas purifying catalyst for internal combustion 
engines . 

[0070] Particularly, when used as the exhaust gas 

purifying catalyst for internal combustion engines, excellent 
catalytic activity can be maintained for a long period 
through a self -regenerative function of Pd and thus excellent 
exhaust gas purifying performances can be realized. Examples 
of the exhaust gas purifying catalyst for internal combustion 
engines include automobile exhaust gas purifying catalyst. 
[0071] When the perovskite-type composite oxide of the 

present invention is used as the exhaust gas purifying 
catalyst, it is usually formed into an appropriate form by a 
known method, for example, for supporting on a catalyst 
carrier . 
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[0072] The catalyst carrier includes, for example, known 

catalyst carriers such as honeycomb monolithic carrier made 
of such as cordierite. 

[0073] To support the perovskite-type composite oxide of 

the present invention on the catalyst carrier, water is added 
to the perovskite-type composite oxide of the present 
invention to obtain a slurry, which is then coated onto the 
catalyst carrier, dried and further heat-treated at about 
300°C to 800*=^C, preferably about 300^C to 600^C. 
[0074] In case of preparing such an exhaust gas 

purifying catalyst, other known catalyst components (for 
example, alumina supporting the noble metal, and other known 
complex oxides supporting the noble metal) can be 
appropriately used in combination with the complex oxide of 
the present invention. 

EXAMPLES 

[0075] The present invention will be illustrated in 

further detail by way of the following Examples and 
Comparative Examples which by no means limit the scope of the 
present invention . 

[0076] In the following Examples and Comparative 

Examples, the same operation was repeated three times and the 
same kind of triple doses of powders were prepared and then 
subjected to the measurement of a rate of solid solution 



described hereinafter* In the following Synthesis Examples 
by Suzuki Coupling and evaluation of exhaust gas purifying 
performances, the triple doses of powders prepared in 
Examples 1 to 2 and Comparative Examples 1 to 2 were used. 
1) Production Example of perovskite-type composite oxide 
[0077] Example 1 

Lanthanum n-butoxide 36.5 g (0.102 mol) 

Iron n-butoxide 2 6.1 g (0.095 mol) 

[0078] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
Then, 1.52 g (0.005 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaFePd. 
[0079] In the round-bottomed flask, 200 mL of deionized 

water was added dropwise over about 15 minutes. As a result, 
a brown viscous precipitate was obtained through hydrolysis. 
[0080] After stirring at room temperature for 2 hours, 

toluene and water were distilled off under reduced pressure 
to obtain a precursor of the LaFePd composite oxide. The 
precursor was placed on a petri dish, subjected to forced-air 
drying at 60^C for 24 hours, then subjected to heat treatment 
at 800°C in the atmosphere for one hour using an electric 
furnace to obtain a blackish brown powder. 



[0081] In the first operation for preparation of this 

powder. X-ray diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lai.oaFeo.gsPdo.osOs+s. The powder was found to have 
a specific surface area of 14 m^/g and a Pd content in the 
composite oxide of 2^15% by mass. 
[0082] Example 2 

Lanthanum ethoxyethylate 42.7 g (0.105 mol) 

Iron ethoxyethylate 18.4 g (0.057 mol) 

Cobalt ethoxyethylate 9.0 g (0.038 mol) 

[0083] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring 
Then, 1.52 g (0.005 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaFeCoPd 
[0084] Subsequently, a blackish brown powder was 

obtained by the same procedure of Example 1 . 
[0085] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lai.osFeo.svCoo.aePdo.soOB+s . The powder was found to 
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have a specific surface area of 11 m^/g and a Pd content in 



the composite oxide of 2,10% by mass. 



[0086] 



Example 3 



Lanthanum methoxyethylate 



32.8 g (0.090 mol) 



Neodymium methoxyethylate 



7.4 g (0.020 mol) 



Iron methoxyethylate 



25.3 g (0.090 mol) 



[0087] 



A mixed alkoxide solution was prepared by 



charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
Then, 3.05 g (0.010 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaNdFePd. 
[0088] Subsequently, a blackish brown powder was 

obtained by the procedure of Example 1. 

[0089] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lao. 9oNdo. 20^60. goPdo.ioOs+s. The powder was found to 
have a specific surface area of 29 m^/g and a Pd content in 
the composite oxide of 4.05% by mass. 
[0090] Example 4 

Neodymium nitrate 4 0.3 g (0.092 mol) 

Yttrium nitrate 3.8 g (0.010 mol) 



Iron nitrate 38.4 g (0.095 mol) 

Aqueous palladium nitrate solution (Pd content of 4.399% by 

mass) 12.1 g (0.53 g in terms of Pd, corresponding to 0.005 

mol) 

[0091] The above listed components were dissolved in 100 

mL of pure water and mixed homogeneously to obtain an aqueous 
mixed salt solution containing NdYFePd. Next, 50.4 g (0.24 
mol) of citric acid was dissolved in pure water and the 
resulting solution was added to the aqueous mixed salt 
solution to prepare an aqueous citrate mixed salt solution 
containing NdYFePd . 

[0092] Next, the aqueous citrate mixed salt solution was 

evaporated to dryness in an oil bath at 60°C to 80°C while 
being evacuated with a rotary evaporator. At the time when 
the solution became viscous syrup after about 3 hours, the 
temperature of the oil bath was gradually raised, followed by 
vacuum drying at 250°C for one hour, thereby to obtain a 
citrate complex. 

[0093] The citrate complex was baked at 300°C in the air 

for 3 hours, crushed in a mortar and baked again at 700°C in 
the air for 3 hours to obtain a powder. 

[0094] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 



structure of Ndo.92Yo.ioFeo.95Pdo.o503+6 • The powder was found to 
have a specific surface area of 28.1 m^/g and a Pd content in 
the composite oxide of 2.15% by mass. 
[0095] Example 5 

Lanthanum nitrate 43.3 g (0.100 mol) 

Strontium nitrate 5.7 g (0.020 mol) 

Manganese nitrate 23.0 g (0.080 mol) 

Aluminum nitrate 5.6 g (0.015 mol) 

Aqueous palladium nitrate solution (Pd content of 4.399% by 

mass) 12.1 g (0.53 g in terms of Pd, corresponding to 0.005 

mol) 

[0096] The above listed components were dissolved in 200 

mL of ion-exchange water and mixed homogeneously to obtain an 
aqueous mixed salt solution containing LaSrMnAlPd. 
[0097] To the resulting solution, an aqueous ammonium 

carbonate solution as a neutralizing agent was added dropwise 
so as to adjust the pH to 10 thereby to form a precipitate, 
then well stirred and further subjected to filtration and 
washing. 

[0098] The resulting coprecipitate was dried at 120®C 

for 12 hours and baked at 700°C in the air for 3 hours to 
obtain a powder. 

[0099] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
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crystal phase made of a composite oxide having a perovskite 
structure of Lai.ooSro.2oMno.8oAlo.i5Pdo.o503+5 - The powder was 
found to have a specific surface area of 16.1 m^/g and a Pd 
content in the composite oxide of 2.06% by mass. 
[0100] Example 6 

Lanthanum methoxypropylate 41.4 g (0.102 mol) 
Iron methoxypropylate 25.9 g (0.080 mol) 

Manganese methoxypropylate 2.3 g (0.010 mol) 
[0101] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
Then, 3.05 g (0.010 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaFeMnPd. 
[0102] Subsequently, a blackish brown powder was 

prepared by the same procedure of Example 1. 
[0103] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lai.o2Feo.8oMno.ioPdo.io03+6 . The powder was found to 
have a specific surface area of 24.8 m^/g and a Pd content in 
the composite oxide of 4.25% by mass. 
[0104] Example 7 
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Lanthanum ethoxyethylate 



41.4 g (0.102 mol) 



Cerium ethoxyethylate 



2.0 g (0.005 mol) 



Iron ethoxyethylate 



18.4 g (0.057 mol) 



Cobalt ethoxyethylate 



9.0 g (0.038 mol) 



[0105] 



A mixed alkoxide solution was prepared by 



charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
Then, 1.52 g (0.005 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing 
LaCeFeCoPd. 

[0106] Subsequently, a blackish brown powder was 

prepared by the procedure of Example 1. 

[0107] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lai.o2Ceo.o5F^o.57Coo.38Pdo.o503+5. The powder was 
found to have a specific surface area of 25.2 m^/g and a Pd 
content in the composite oxide of 2.08% by mass. 
[0108] Example 8 

Lanthanum nitrate 45.5 g (0.105 mol) 

Cobalt nitrate 22.5 g (0.095 mol) 

Aqueous palladium nitrate solution (Pd content of 4.399% by 



mass) 12,1 g (0.53 g in terms of Pd, corresponding to 0.005 
mol) 

[0109] A mixed salt solution containing LaCoPd was 

prepared by dissolving and mixing homogeneously the above 
components in 200 mL of ion-exchange water. Subsequently, a 
powder was prepared by the same procedure of Example 5. 
[0110] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lai.osCoo.gsPdo.osOs+s . The powder was found to have 
a specific surface area of 23.4 m^/g and a Pd content in the 
composite oxide of 2.09% by mass. 
[0111] Example 9 

Lanthanum i-propoxide 30.0 g (0.095 mol) 

Calcium i-propoxide 1.6 g (0.010 mol) 

Aluminum i-propoxide 19.4 g (0.0 95 mol) 

[0112] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring 
Then, 1.52 g (0.005 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaCaAlPd 
[0113] Subsequently, a blackish brown powder was 



prepared by the same procedure of Example 1. 
[0114] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of Lao.95Cao.ioAlo.95Pdo.o503+6 • The powder was found to 
have a specific surface area of 10.2 m^/g and a Pd content in 
the composite oxide of 2.48% by mass. 
[0115] Example 10 

Lanthanum methoxypropylate 4 4.7 g (0.110 mol) 
Manganese methoxypropylate 22.2 g (0.095 mol) 
[0116] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
[0117] Subsequently, a blackish brown powder was 

obtained by the same procedure of Example 1. Using 4.27 g 
(0.42 g in terms of Pd) of an aqueous palladium nitrate 
solution (Pd content of 9.83% by mass), 20 g of this powder 
was impregnated with Pd, subjected to forced-air drying at 
60°C for 24 hours, crushed and then subjected to heat 
treatment at 500**C in the air for one hour using an electric 
furnace to obtain a powder. 

[0118] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
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crystal phase made of a composite oxide having a perovskite 
structure of Lai.ioMno.gsPdo.osOa+s. The powder was found to have 
a specific surface area of 25.1 m^/g and a Pd content in the 
composite oxide of 2.06% by mass. 
[0119] Example 11 

Lanthanum n-butoxide 4 6.6 g (0.130 mol) 

Iron n-butoxide 26.1 g (0.095 mol) 

[0120] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
Then, 1.52 g (0.005 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaFePd. 
[0121] Subsequently, a blackish brown powder was 

obtained by the procedure of Example 1 . 

[0122] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a composite 
oxide having a perovskite structure of Lai.3oFeo.95Pdo.o503+6 as a 
main component and partially having La203. The powder was 
found to have a specific surface area of 6.2 m^/g and a Pd 
content in the composite oxide of 1.81% by mass. 
[0123] Comparative Example 1 

Lanthanum ethoxyethylate 40.6 g (0.100 mol) 
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Iron ethoxyethylate 



30.7 g (0.095 mol) 



[0124] 



A mixed alkoxide solution was prepared by 



charging the above components in a 500 mL round-bottomed 
flask, and dissolving them in 200 mL of toluene with stirring. 
Then, 1.52 g (0.005 mol) of palladium acetylacetonate was 
dissolved in 100 mL of toluene and the resulting solution was 
added to the mixed alkoxide solution in the round-bottomed 
flask to prepare a uniform mixed solution containing LaFePd. 
[0125] Subsequently, a blackish brown powder was 

obtained by the procedure of Table 1. 

[0126] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 

conducted. As a result, it was identified as a single 

crystal phase made of a composite oxide having a perovskite 

structure of La1.ooFeo.95Pdo.05O3- The powder was found to have 

a specific surface area of 23.8 m^/g and a Pd content in the 

composite oxide of 2.17% by mass. 

[0127] Comparative Example 2 

Lanthanum nitrate 43.3 g (0.100 mol) 

Iron nitrate 23.0 g (0.057 mol) 

Cobalt nitrate 9.0 g (0.038 mol) 

Aqueous palladium nitrate solution (Pd content of 4.399% by 

mass) 12.1 g (0.53 g in terms of Pd, corresponding to 0.005 

mol) 

[0128] A mixed salt solution containing LaCoPd was 



prepared by dissolving and mixing homogeneously the above 
components in 200 mL of ion-exchange water. Subsequently, a 
powder was obtained by the same procedure of Example 5. 
[0129] In the first operation for preparation of this 

powder. X-ray powder diffraction analysis of the powder was 
conducted. As a result, it was identified as a single 
crystal phase made of a composite oxide having a perovskite 
structure of La1.00Fe0.57Co0.38Pci0.05O3 • The powder was found to 
have a specific surface area of 11.8 Tc?/q and a Pd content in 
the composite oxide of 2.16% by mass. 
2) Measurement of rate of solid solution 

[0130] Each of the triple doses of the powders obtained 

in respective Examples and Comparative Examples was dissolved 
in an aqueous 7 wt% hydrochloric acid solution and allowed to 
stand at room temperature for 20 hours, and then each 
solution was filtered through a filter having a pore size of 
0 . 1 pm (f) . 

[0131] An amount of Pd dissolved in the resulting 

filtrate was determined by inductively coupled plasma (ICP) 
atomic emission spectroscopy and quantitative analysis of Pd 
in the residue was carried out by the X-ray diffraction (XRD) 
- scanning electron microscopy (SEM) analytical method. The 
amount of solid solution of Pd was calculated from these 
results. The results are shown in Table 1. 
[0132] In the above method, the residue was produced 



35 

during dissolving the respective powders in an aqueous 7 wt% 
hydrochloric acid solution. However, since Pd constituting a 
solid solution in a perovskite-type crystal structure was 
dissolved, a proportion of Pd constituting a solid solution 
in a perovskite-type crystal structure could be determined by 
measuring a concentration of Pd in the solution. 
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3) Evaluation of exhaust gas purifying performances 
3-1) Production of exhaust gas purifying catalyst 
[0133] Test piece: Each of the Pd-containing 

perovskite-type composite oxides obtained in Examples 1 to 2 
and Comparative Examples 1 to 2 was supported on a honeycomb 
having a diameter of 30 mm, a length of 50 mm and a size of 6 
mil per 400 cells so that Pd per 1 L of the exhaust gas 
purifying catalyst is 3.2g. 
3-2) Durability test 

[0134] Each of the exhaust gas purifying catalysts of 

Examples 1 to 2 and Comparative Examples 1 to 2 thus obtained 
was connected to a bank of a V-type eight-cylinder gasoline 
engine of 4L. With a cycle of 30 seconds in which the 
highest temperature in the catalyst bed was lOOO'^C, the cycle 
was repeated for 4 0 hours for endurance test. Then, 
annealing was carried out at an air-fuel ratio A/F of 14.3 
and at 900°C for 2 hours. 

[0135] One cycle was set as follows. From 0 to 5 

seconds (for 5 seconds) , a mixed gas which was kept of amount 
of theoretical air fuel ratio (A/F = 14.6, in the 
stoichiometric state) under feedback control was fed to the 
engine and the internal temperature of the exhaust gas 
purifying catalysts was set at around 850°C. From 5 to 28 
seconds (for 23 seconds) , feedback control was cancelled and 
the operation was conducted while injecting the fuel 
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excessively. From 5 to 7 seconds (for 2 seconds) among the 
above time period, the fuel was injected excessively and the 
fuel rich mixed gas (A/F = 11.2) was fed to the engine, and 
then an exhaust gas (the same air fuel ratio A/F = 11.2) was 
introduced into the catalyst. From 7 to 28 seconds (for 21 
seconds) , while an excessive amount of fuel was kept on being 
fed to the engine, secondary air was introduced from the 
outside of the engine through an inlet tube in upstream of 
the exhaust gas purifying catalysts, to cause the excessive 
fuel to react with the secondary air in the interior of the 
exhaust gas purifying catalysts, so as to raise the 
temperature. In this time period, the air fuel ratio of the 
exhaust gas in the exhaust gas purifying catalysts was in a 
somewhat lean state than the stoichiometric state (A/F = 
14.8), and the highest temperature in the catalyst bed 
reached 1000*^0. From 28 to 30 seconds (for 2 seconds), the 
secondary air was fed to the exhaust gas purifying catalysts 
under feedback control from upstream of the catalysts again 
thereby to put the exhaust gas into a lean state. 
[0136] The temperatures of the exhaust gas purifying 

catalysts were measured with a thermocouple inserted into a 
center part of the honeycomb carrier. A phosphorus compound 
was added to the fuel (gasoline) so that phosphorus element 
in the exhaust gas poisons the catalysts. The amount of the 
phosphorus compound was set so that 50 mg in terms of 
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phosphorus element was attached to the exhaust gas purifying 
catalysts during the endurance time of 40 hours. 
[0137] Furthermore, 10 test pieces were put in a 

cylindrical converter and then subjected to an endurance 
treatment . 

3-3) Measurement of 50% purifying temperature 

[0138] While varying a rich gas and a lean gas every one 

second and raising the temperature of this variation model 
gas at a rate of 20°C/minute, the variation model gas was fed 
to the exhaust gas purifying catalysts of Examples 1 and 2 
and Comparative Examples 1 and 2 after an endurance test, and 
the temperature at which 50% of HC, CO and NOx in the exhaust 
gas were purified was measured as the 50% purifying 
temperature. The results are shown in Table 2. 
[0139] Space velocity (SV) was set at 35000/h and the 

A/F was set at 14.6±0.5 (0.5 Hz). 

[0140] Compositions of the rich gas and the lean gas are 

as follows. 
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4) Synthesis Example of 4-methoxybiphenyl by Suzuki Coupling 
[0141] Using triples doses of the powders (Pd-containing 

perovskite-type composite oxide) obtained in Examples 1 and 2 
and Comparative Examples 1 and 2 as a synthetic reaction 
catalyst, 4-bromoanisole was reacted with phenylboronic acid, 
as shown in the following scheme (6) . 

(0.01 2mol) (0.01 8mol) (0.01 2mol) 

[0142] Synthesis Example 

4-bromoanisole 2.24 g (0.012 mol) 

Phenylboronic acid 2.19 g (0.018 mol) 

Potassium carbonate 4.98 g (0.036 mol) 

[0143] A solution was prepared by charging the above 

components in a 100 mL round-bottomed flask, and dissolving 
them in each 18 mL of pure water and 2-methoxy-l-propanol as 
solvents with stirring. To the solution, 6 x 10"^ mol (3 ^ 
10"^ mol in terms of Pd, namely, 0.025 mol % in terms of Pd 
with respect to 4-bromoanisole) of each of the Pd containing 
perovskite-type composite oxides obtained in Examples 1 and 2 
and Comparative Examples 1 and 2 was added, heated using a 
mantle heater and further heated under reflux at IDO^'C for 10 
hours . 

[0144] After the completion of the reaction and cooling, 



the resulting product was dissolved in 20 mL of toluene and 
insolubles were removed by suction filtration. Then, the 
solvent was distilled off thereby to a white solid separated 
out. After the white solid was dissolved in 20 mL of toluene 
and 20 mL of pure water, the resulting solution was placed in 
a separating funnel and a lower layer was separated. 
Furthermore, the residue was washed with 20 mL of pure water 
and then separated. Then, 5 g of sodium sulfate was added, 
followed by well shaking and further dehydration and drying. 
Insolubles were removed by filtration and the solvent was 
distilled off from the filtrate to obtain the objective 4- 
methoxybiphenyl as a white crystal. The weight of the white 
crystal was measured and crude yield was calculated. As a 
result, it was 102 to 112%. The white solid was then 
dissolved in 20 mL of toluene with stirring, and then a 
conversion rate was determined by gas chromatography. 
Conversion rate (%) = 4-methoxybiphenyl/4-bromoanisole + 4- 
methoxybiphenyl (previously, relative sensitivity was 
determined by separately measuring toluene solutions of 4- 
methoxybiphenyl and 4-bromoanisole, and correction was 
conducted) . 

[0145] These results are shown in Table 3. 
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[0146] While the illustrative embodiments and examples 

of the present invention are provided in the above 
description, such are for illustrative purpose only and are 
not to be construed restrictively . Modification and 
variation of the present invention which will be obvious to 
those skilled. in the art are to be covered in the following 
claims . 

Industrial Applicability 

[0147] The perovskite-type composite oxide of the 

present invention can be widely used in the field where Pd is 
used as a catalyst, and is advantageously used as a coupling 
reaction catalyst for organic synthesis, a reductive reaction 
catalyst, a hydrogenation reaction, a hydrogenolysis reaction, 
or an exhaust gas purifying catalyst for internal combustion 
engines such as automobile exhaust gas purifying catalyst. 



